The results of 41 consecutive total knee replacements performed on morbidly obese patients with a body mass index > 40 kg/m 2 , were compared with a matched group of 41 similar procedures carried out in non-obese patients (body mass index < 30 kg/m 2 ). The groups were matched for age, gender, diagnosis, type of prosthesis, laterality and preoperative Knee Society Score. We prospectively followed up the patients for a mean of 38.5 months (6 to 66). No patients were lost to follow-up. At less than four years after operation, the results were worse in the morbidly obese group compared with the non-obese, as demonstrated by inferior Knee Society Scores (mean knee score 85.7 and 90.5 respectively, p = 0.08; mean function score 75.6 and 83.4, p = 0.01), a higher incidence of radiolucent lines on post-operative radiographs (29% and 7%, respectively, p = 0.02), a higher rate of complications (32% and 0%, respectively, p = 0.001) and inferior survivorship using revision and pain as end-points (72.3% and 97.6%, respectively, p = 0.02).
total knee replacement and to maintain weight reduction. They should also be counselled regarding the inferior results which may occur if they do not lose weight before surgery.
The body mass index (BMI) for an individual is their weight in kilograms (kg) divided by their height in metres squared (m 2 ), and this correlates with their total body fat. 1 Obesity is defined as a BMI > 30 kg/m 2 and morbid obesity as a BMI > 40 kg/m 2 . 1 While there are several studies in the literature evaluating the results of total knee replacement (TKR) in the obese patient, 2-10 few have described the results in the morbidly obese. In a single surgeon series, results of 50 primary TKRs performed in morbidly obese patients were compared with 1768 similar procedures carried out on patients who were not morbidly obese. 11 At five years, the clinical outcome scores were significantly inferior in the morbidly obese group: there was a high rate of revision and of perioperative complications; 22% had wound complications and 10% deep infection. 11 These poor results in the morbidly obese patient, together with an increasing prevalence of obesity throughout Europe and North America, 12 highlight the need for further evaluation of the results of TKR in this group of high-risk patients.
To assess the influence of morbid obesity on the outcome after TKR, we designed a prospective, matched study to minimise the influence of confounding variables, with the aim of 
Patients and Methods
Between 1995 and 2004, over 1700 TKRs were performed in our unit by many surgeons. Independent, prospective follow-up for all patients was undertaken by a dedicated audit team, led by an arthroplasty nurse practitioner and a physiotherapist who were not directly involved in the study and were not aware of the aims at the time of data collection. All patients were followed up at 6, 18, 36 and 60 months following knee replacement.
During this time 41 primary TKRs were performed in 38 morbidly obese patients. These were individually matched with a control group of 41 primary TKRs performed in 38 non-obese patients. The two groups were matched for age, gender, diagnosis (rheumatoid or osteoarthritis), type of prosthesis (Press fit condylar (PFC) or PFC Sigma; both Depuy International, Leeds, United Kingdom), laterality (unilateral or bilateral) and the pre-operative knee and function score components of the Knee Society Score (KSS). 13, 14 It was not always possible to identify a non-obese patient with exactly the same pre-operative knee and function score as a morbidly obese patient. In this instance, the control with the next 'worse' score was identified. If no other control with a 'worse' score could be identified, the control with the next 'better' score was used. This protocol was maintained for matching all the patients so that the control group would have either a similar, or worse, pre-operative knee and functional status compared with the morbidly obese patients. The matching of patients was undertaken using pre-operative data in isolation and without knowing the individual outcomes.
The KSS is a joint-specific outcome scoring system comprising a separate knee score, which rates the joint itself, and a function score, which rates the ability of the patient to walk and climb stairs. 13 Both components are scored out of a maximum of 100 points. The specific parameters assessed by the knee score component are pain (50 points), range of movement (25 points) and stability (25 points), with deductions for flexion contracture, extensor lag and malalignment. The function score component addresses the walking distance (50 points) and the ability to climb stairs (50 points), with deductions for any walking aids used.
A standard surgical approach with a medial parapatellar incision and arthrotomy was used. Between 1995 and 1999 the PFC TKR was used for all patients. In 1999, this was superseded by the PFC Sigma, produced by the same manufacturer. The manufacturer's instructions regarding the use of implants and instruments were followed, with cementing of components in all cases. All patients had antibiotic prophylaxis at induction of anaesthesia. The patella was not resurfaced in any patient and the posterior cruciate ligament was preserved whenever possible. Low molecular weight heparin and full-length elastic stockings were used for prophylaxis against deep-vein thrombosis in all patients. The post-operative rehabilitation programme, based on an 'integrated care pathway', was the same in both groups. Seven different consultant orthopaedic surgeons (including IJB and REC) either carried out or supervised all the TKRs. In the morbidly obese group, consultant surgeons performed all procedures, whereas in the nonobese group, trainees under the supervision of a consultant performed two operations, with the remainder undertaken by consultants.
No patients were lost to follow-up. We used several outcome measures to compare the results following TKR for the two groups.
Clinically, we analysed the post-operative KSS, while radiologically we assessed the presence of radiolucent lines and compared the alignment of the components.
We also noted any complications including superficial wound infection, deep infection, deep-vein thrombosis and peri-operative mortality.
The five-year survivorship, with revision (defined as revision or the intention to revise) as an end-point, or with revision and pain (defined as a pain score < 20 on the KSS) as end-points, was calculated.
All the radiographs were evaluated by a single observer (AKA) using the Knee Society radiological evaluation guidelines 15 to determine the post-operative alignment of the components and to identify linear radiolucent lines around implants. Previous radiographs were examined to determine whether radiolucent lines were progressive or non-progressive. A wound infection was initially diagnosed on the basis of clinical signs. A swab was obtained for microscopy and culture of organisms in all suspected cases. A wound infection was considered to be superficial if it resolved with oral antibiotics alone and deep if a re-operation or revision procedure was required. All cases of deepvein thrombosis were confirmed by venography or duplex ultrasonography. Peri-operative mortality was defined as a death during the immediate peri-operative period or within three months of the knee replacement.
All statistical analysis was undertaken using SPSS v 13.0 (SPSS Inc., Chicago, Illinois). Survivorship analysis was based on the Kaplan-Meier method. 16 The two groups were compared using Student's t -test or the Mann-Whitney U test for continuous data, the chi-squared test with Yates correction 17 for continuity for proportions and the logrank test for survivorship analysis. The level of significance was set at p < 0.05.
Results
There were no significant differences between the morbidly obese and non-obese groups for the pre-operative matched variables (Table I ). The mean follow-up in the morbidly obese group was for 38.5 months (6 to 66) and in the nonobese group for 44 months (6 to 67). The difference was not statistically significant (p = 0.3).
In both groups, the mean post-operative knee and function score components of the KSS were significantly better compared with the pre-operative scores (paired sample t -test, p < 0.001). The mean post-operative knee and function scores were, however, lower in the morbidly obese group, although the difference in the knee score component only approached statistical significance (Table II) . There was a significantly higher rate of radiolucent lines around the implants in the morbidly obese patients compared with the non-obese group (29% and 7%, respectively, p = 0.02), with approximately half being progressive. All radiolucent lines were present around the tibial component. In one patient, a progressive radiolucent line was noted around both the femoral and tibial components. There was no difference in the overall alignment of the components.
The overall rate of complications following TKR was significantly higher in the morbidly obese group compared with the non-obese group (32% and 0%, respectively, p = 0.001; Table III ). Of the seven superficial wound infections in the morbidly obese group, organisms were cultured from five, and no growth was obtained in the remaining two. Organisms were cultured from both the knees with deep infection in the morbidly obese group. No peri-operative deaths occurred in either group but there were two deaths from unrelated causes -one patient in the morbidly obese group died three years after revision for deep infection, and one patient in the non-obese group died four years after a primary TKR which was not causing any problems when last reviewed at 37 months. The last available data after the primary procedure for both patients is included in the analysis. There were no intra-operative avulsions of the medial collateral ligament in the morbidly obese group, a complication that has been previously reported during TKR in such patients.
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Using revision as an end-point, the five-year survivorship was 74.2% (95% confidence interval (CI) 53.8 to 94.6) in the morbidly obese group, compared with 100% (95% CI 100 to 100) in the non-obese group (log-rank test, p = 0.01). Using revision and pain as the end-point, the fiveyear survivorship was 72.3% (95% CI 52.1 to 92.5) in the morbidly obese group and 97.6% (95% CI 92.9 to 100) in the non-obese group (log-rank test, p = 0.02, Fig. 1 ). As there were no patients lost to follow-up, the 'worst-case' survivorship would be the same as the five-year survivorship based on revision and pain as an end-point. Table IV summarises the details of the TKRs considered as failures for the survivorship analysis. Two had unexplained pain; one in each group. Both patients complained of severe pain in the knee immediately after the surgery, and required referral to the pain management service. They both remained symptomatic at the latest review despite the lack of any obvious clinical or radiological abnormality. ). [16] [17] [18] It also correlates with the development of degenerative disease of the knee.
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The influence of BMI on the eventual outcome following TKR remains uncertain. Several studies have compared the results in obese and non-obese patients, with follow-up ranging from 1 to 15 years.
2,4-10 The rate of peri-operative complications, where reported, has been found to be similar for obese and non-obese patients, 6, [8] [9] [10] although infection may be significantly higher for patients with a BMI > 35 kg/m 2 . 21 With the exception of one retrospective study, 8 none could demonstrate a significant difference between obese and non-obese patients when the results were compared using patient-based or disease-specific formal outcome scoring measures.
2,4-7,9,10 Survivorship of the implant is more difficult to compare because varying end-points have been used. Using revision as the end-point, none showed significant differences between obese and non-obese patients following TKR. 2, 4, 5, [8] [9] [10] Using revision, clinical failure and radiological failure as end-points however, inferior survivorship has been noted in obese patients in retrospective studies. 8, 9 We have reported observations suggesting that the results of TKR in obese and non-obese patients are comparable, at least in the mid-term. 10 However, until results from larger, prospective, long-term studies become available, opinions regarding the results of TKR in patients with a BMI > 30 kg/ m 2 are likely to remain divided. All published comparative studies using the BMI to divide patients into obese and non-obese groups 2,4-10 have included morbidly obese patients within the obese category. An analysis of results in the subgroup of obese patients who are morbidly obese 2, 8, 11 has consistently demonstrated worse results in the morbidly obese patients when compared with non-morbidly obese and non-obese patients.
In our study, while the post-operative function score component of the KSS was significantly inferior in the morbidly obese group, the difference in the post-operative knee score component was not. This suggests that while morbidly obese patients may achieve similar pain relief, range of movement and stability, they are likely to remain more functionally impaired following TKR, with limitation of walking distance, ability to climb stairs and greater dependence on walking aids. Kaplan-Meier five-year survivorship curve using revision and pain as an end-point. Various time points at which cases 'censored' are also indicated on each curve. 16 At five years, six TKRs in five patients were revised, awaiting revision for aseptic loosening (loosening/osteolysis without infection) or were radiologically loose in the morbidly obese patients (Table IV) , and nearly a third of TKRs demonstrated linear radiolucent lines on the postoperative radiographs. Increased body-weight results in increased loading across a TKR and the surrounding bone. 22 This does not appear to produce high rates of failure in obese patients who have total knee replacements, probably because of the lower activity levels in these patients compared with non-obese patients. 23 It is possible however, that in the patients who are morbidly obese, lower activity levels may not compensate for the higher stresses across the tibial component. This may explain the high rate of radiolucent lines and aseptic loosening observed in morbidly obese patients in the study.
There were revisions in two patients for deep infection in the morbidly obese group (Table IV) and another seven developed superficial wound infections. A high rate of infective complications has been reported following total knee replacement in the morbidly obese patient, 11 and this increased risk of infection is also seen following gastric bypass surgery to treat morbid obesity. [24] [25] [26] In a study of mainly morbidly obese patients, the intra-operative subcutaneous tissue oxygen tension was found to be significantly lower than in a non-obese control group. 27 As the risk of infection is inversely related to tissue oxygen partial pressure, 28 ,29 a lower peri-operative tissue oxygenation may explain the high rate of wound complications noted in morbidly obese patients.
This study has certain limitations. A joint-specific outcome scoring system was used in the study, but use of a more patient-based outcome score may have provided more information regarding the clinical outcome.These morbidly obese patients represent only a small proportion of patients selected for TKR since between 1995 and 2004, over 1700 TKRs were performed at our institution, with only 41 (2.4%) in the morbidly obese. Similar numbers have been reported in other series. 2, 11 With the current rapid rise in average body-weight and prevalence of obesity, 12 it is likely that clinicians will encounter an increasing number of patients who are morbidly obese requiring TKR. 30 It is therefore imperative that we define the results of TKR in these patients early, and identify any pitfalls in the criteria for selection for an operation which has otherwise proved to be extremely successful in alleviating pain and improving mobility for a large number of patients. [31] [32] [33] [34] [35] [36] The two groups were not matched for medical co-morbidity or disease in the adjacent hip or knee and we do not know if these factors may have confounded the overall results.
The present evidence suggests that the results of TKR in patients with a BMI between 30 kg/m 2 and 40 kg/m 2 are probably comparable with the results of the procedure in non-obese patients. Morbidly obese patients may expect improvement in pain and function following TKR, although the overall results are inferior when compared with non-obese patients. Patients with a BMI > 40 kg/m 2 should therefore be advised to lose weight prior to surgery or be counselled regarding the inferior results before proceeding with surgery.
